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Scenarios Included in Study

6 Gas/Hydro Sensitivities

Generation
Under

Construction

High Hydro Average Hydro Low Hydro

High Gas

Average Gas

Low Gas ? ?

?

2008 Simulation

?
?

Optional

?
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Base Case Assumption 2008
# Assumption Consensus

Status
Assumption Description

1 Study Period ? 2008 and 2013 (next phase)

2 Inflation Rate ? 2.5%

3 Operational Costs (Representative) ? Existing & New Resources (Fuel & Variable O&M)

4 2008 Resource Additions ? Includes (35,458 MW) plants online between 1/1/00 and 1/1/04
plus (3,235) on line by 7/1/05; total 38,693MW

5 Transmission Additions ? Starts with WECC 2008 LS case, modified per operator
requests.

6 LP Dispatch Optimization ? Based on variable O&M, fuel costs, transmission constraints

7 Thermal Plant Lives ? Plants assumed to remain open

8 Hydro Plant Lives ? All plants operating throughout study

9 Transmission Topology ? Starts with WECC 2008 LS case, modified per operator
requests.

10 Transmission Path Ratings & Nomograms ? WECC Path Rating Catalogue (Spring 2003), modified per
Operator request.

11 Gas Prices ? High, Medium, Low based on SSG-WI assessment of
forecasts

12 WECC Region Loads ? WECC 2002  Regional Forecasts with modifications

13 Average Annual Load Growth ? WECC 2002  Regional Forecasts with modifications

16 Renewable Resources ? Incremental wind additions (2000 – 2004)

17 Thermal Plants ? Base plants on line by 1/1/00

18 Maintenance Outages ? Numbers based on the TCA cost benefit study for RTO west



071803SSG-WITransmissionStudyBaseCase.LB
5

15,469

63,718
126,924

136,889
245,817

280,018

Loads by WECC Region

NWPP-Canada

NWPP-US

RMPA

AZ, NM & S. NV 

California

Mexico - CFE

Summer: 56,981
Winter: 42,547

Annual GWh with Summer & Winter Peaks

Summer: 16,132
Winter: 20,233

Summer: 36,683
Winter: 43,038

Summer: 10,846
Winter: 9,835

Summer: 29,585
Winter: 20,194

Summer: 2,773
Winter: 2,100
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Average Annual Load Growth Rate

    Growth 2002-2011     

Smr Peak Wntr Peak Energy

1.6% 1.9% 1.9%

1.6% 1.4% 1.7%

2.6% 2.5% 2.2%

3.0% 2.7% 2.7%

1.5% 2.0% 0.9%

8.3% 9.8% 7.5%

2.0% 2.1% 1.8%

WECC Total System

Canada

NWPP-US

RMPA

Az-NM-S.Nv

California

Mexico-CFE

Total
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Total Resources - 2008 (MW)
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Thermal Plant by Technology
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Resource Addition since 1/1/2000

Facility Location Technology Fuel Type # of Units Output (MW) Est Online Date

On or before 1/1/04 35,458 1/1/2004

Silver Hawk Nevada Combined Gas 0 570 5/1/2004
Pastoria Phase 2 California Combined Gas 0 500 6/1/2004
Grande Prairie Canada - Alberta WoodWaste 0 25 6/1/2004
Metcalf Energy Center California Combined Gas 2-2-1 600 12/1/2004
Otay Mesa California Combined Gas 2-2-2 510 12/1/2004
Sundance Upgrade II Canada - Alberta Coal 0 100 12/1/2004
Contra Costa California Combined Gas 2-2-1 530 6/1/2005
Genesee Phase 3 Canada - Alberta Coal 1 400 7/1/2005

Total Conventional Thermal Additions 38,693

Sum of Output (MW) Fuel Type
Technology Coal FO2 Gas Geothermal Woodwaste Grand Total
Biomass 10 10
Cogeneration 20 876 896
Combined 25,022 25,022
Combustion 132 132
Geothermal 112 112
Simple 3,958 3,958
(blank) 1,014 7,465 59 25 8,563
Grand Total 1,014 20 37,453 171 35 38,693
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WGA Hydro Modeling
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SSG-WI Hydro Modeling
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Hydro Modeling

? Algorithm used for hydro shaping is a mix of peak
shaving and "pseudo" run of the river
– The run-of-river hydro energy was modeled as base energy

– Dispatchable "monthly" hydro energy dispatched to shave
peak load

– Hydro stations are scheduled one at a time over the horizon of
the week, subject to hourly constraints for minimum and
maximum generation, and weekly constraints for ramp rates,
and total energy

? Peak Shaving is common to many Production Cost
Models
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Name Area MW
Thch_Wd1 SOCALIF 400
SnGrgnWd SOCALIF 350
AltmntWD PG AND E 200
SolanoWd PG AND E 200
Thch_Wd2 SOCALIF 300
NM_Wind NEW MEXI 200
NW_Wind NORTHWES 650
Wy_Wind PACE 150
Albrt_Wd ALBERTA 150
CO_Wind PSCOLORA 200

Total MW 2,800      

Renewable Resources

2008 Wind
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? Used the values from the old TCA report (% year,
very approximately)

Maintenance Outages

Unit Type %

Combined Cycle   7%
CT                    7%
Coal Plant           10%
Steam Oil/Gas        10%
Nuclear             12%
Geothermal           10%
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Burner Tip Gas Prices
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Gas Prices
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Updated Gas Prices
Average Gas Wellhead Price - Real 2003 Dollars

from CEC Gas Markert Assessment May 27, 2003
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Loads & Resources

WECC Total
(L: WECC 2002-L&R Report; R: SSG-WI modified) 

(without Hydro-capacity derate)

100,000

120,000

140,000

160,000

180,000

200,000

(M
W

)

Resources  173,104  185,920  196,848  199,388  199,388  199,388  199,388  201,588 

Plus 5,000 MW Maintenance  159,557  162,649  165,802  169,018  172,298  175,644  179,057  182,538 

Pk & 10% Op Res  147,198  150,142  153,144  156,207  159,331  162,518  165,768  169,084 

Plus 5% FOR  154,557.48  157,648.63  160,801.60  164,017.63  167,297.99  170,643.95  174,056.83  177,537.96 

Summer  Pk  133,816  136,492  139,222  142,007  144,847  147,744  150,699  153,713 

2002 2003 2004 2005 2006 2007 2008 2009
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Position by Region of Plant Location

Nameplate MW less Loads
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? Using the WECC 2008 LS case for system definition

? Using the most recent path rating  catalog (2/03) for capacity
numbers

? Using modeling Nomograms reflecting system constraints

Transmission Topology
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Path 15

Borah
West Bridger

West

S W of Four
Corners

Tot 1a

Tot 2a

Bonanza
West

Tot 2c

Tot 3

Tot 4b

Brownlee
East

PDCI (NOB)PACI (COB)

NELWAY

SELKIRK

LANGDON

Alberta - British Columbia

NW - Canada

W. of Cascade - North

W. of
Broadview

W. of Colstrip

W.of
River

E. of
River

Tot 2b

Tot 4a

Tot 5
Tot 7

Alturas
Path C

Northern NM

Southern NM

Id. to Mt.

W. of Cascade - South

Montana to NW

NW to Idaho

W. of Hatwai

Id. to Sierra

N. Ca. to S. Ca.

Cal ISO to CFE

PG&E to PP&L

PG&E to SPP
IPP DC

Silver Peak/Inyo
to Control

Summer Lake

1 Alberta-BC
2 Alberta – Saskatchewan
3 Northwest – Canada
4 West of Cascades – North
5 West of Cascades – South
6 West of Hatwai
7 Blank
8 Montana to Northwest
9 West of Broadview
10 West of Colstrip
11 West of Crossover
12-13 Blank
14 Idaho to Northwest
15 Midway – Los Banos
16 Idaho – Sierra
17 Borah West
18 Idaho – Montana
19 Bridger West
20 Path C
21 Arizona to Calif 
23 Four Corners 345/500
24 PG&E – SPP
25 PacifiCorp/PG&E 115 Intercon.
26 Northern – Southern Calif
27 Intermountain Power Project
28 Intermountain – Mona 345 kv
29 Intermountain – Gonder 230 kv
30 TOT 1A
31 TOT 2A
32 Pavant/Intermtn Gonder
33 Bonanza West
34 see paths 78 & 79
35 TOT 2C
36 TOT3
37 TOT 4A
38 TOT 4B
39 TOT 5
40 TOT 7
41 Sylmar to SCE
42 IID – SCE
43 North of San Onofre
44 South of San Onofre
45 SDG&E Comision Fed. de Elect.
46 West of Colorado River (WOR)
47 Southern New Mexico (NM1)
48 Northern New Mexico (NM2)
49 East of the Colrado River
50 Cholla – Pinnacle Peak
51 Southern Navajo
52 Silver Peak – Control 55 kv
53 Billings – Yellowtail
54 Coronado West
55 Brownlee East
56-57 Blank
58 Eldorado – Mead 230 kv Lines
59 WALC Blythe – SCE Blythe 

Western Interconnect Transmission Paths
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Results Summary

? Existing WECC Transmission Costs
– WECC 2008 case shows some bottle-necked inexpensive

resources - ~$110 million VOM savings

? Resource Development
– New resources are mostly gas-fired CCCTs
– Capacity by fuel type is shifting toward gas, the % change

in energy is greater than the rate of capacity increase

? Total VOM Cost Estimates
– More sensitive to gas price sensitivity as opposed to the

gas price scenario than hydro scenario
– In 2008, for every $1/MMbtu change in gas price, fuel

costs in the Western Interconnection change ~$2 billion
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Scenarios Result Summary

? Determined that Gas has to make-up the difference for
Hydro

? Defined the boundaries of usage and their associated
costs; specific path usage profile vary depending on:
– Hydro conditions
– Gas price sensitivities
– Location of expected loads and resources
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Hydro Results
? LMP differences get muted when looking across

varying hydro sensitivities
– Program just looks at variable costs

– Does not factor in costs associated with bid behavior

? Plants peak shaving algorithm will spend a
considerable percentage of this modeled hours at the
minimum output level
– Hydro regulation min & max MW may be inappropriate;

typically not used for many hours of actual hydro operation

– Peak shaving may underestimate the use of thermal peakers,
lowering peak hour LMP estimates
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Transmission Paths
No Transmission Constraints

Flows on Existing Paths

Southern
California

Alberta

Central
California

N.
Nevada

Utah

Wyoming
SE

Idaho

Colorado

S.
Nevada

Arizona

Jim
Bridger

East
Colorado

Four
Corners

Snake

Existing Capacity

Constrained
Generation

Legend

Northern
California

Idaho

Oregon

WA

British
Columbia

MT

East
WA
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Estimated Annual Average LMP - (2003 $)
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Shadow Prices - (2003 $)

Powerflow (data source) modeled Nelway phase  shifter at a fixed angle.
The same restriction of action may apply to other phase shifters and control devices.
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Western Interconnect Total Variable Costs -2008
(in 2003 Dollars)
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Western Interconnection % Energy by Fuel Source
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Western Interconnection GWh by Energy Source
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Installed Generation Capacity - Western Interconnection
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Capacity by Fuel Type
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Capacity by Fuel Type
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Interface Forward Direction Expansion Value - 2003$
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Interface Reverse Direction Expansion Value - 2003$



071803SSG-WITransmissionStudyBaseCase.LB
37

Annual Energy & LMP Costs - 2003$
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Annual Energy & LMP Costs - 2003$
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Annual Energy & LMP Costs - 2003$
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Annual Energy & LMP Costs - 2003$
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SSG-WI Transmission Study
2008 Base Case Validation

43
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Scenario Results Summary

? This is a relative comparison, basically looking for
matching     trends with consideration given to:
– COUGER Market Symulator models a single control area
– Comparing the SSG-WI 2008 case to 2002 actual (different

load levels; considerable new resource additions; varied
transmission topology)
• Paths Duration Flow comparison “Actual to SSG-WI 2008

Base Case” were created to test the validity of the model

? “Idaho to PNW” and “Montana to PNW” compared
incredibly close
– profile of resources hasn't changed much for those areas.

Consistently, we’ve improved on the“West of Hatwai” path.
• Issue - Area Load Level; sensitivity runs with reduced DSI loads in

Montana showed direct impact to the “WHO” flows
• Total energy level in Canada also provided for a direct impact
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? “EOR “ and “SCIT - CAISO confirmed the SSG-WI result
to be consistent with what they are seeing
– Thousands of MWs were added in Arizona & Nevada

? "TOT2" discrepancy has to do with reversed economics
caused by the glut of generation in Arizona

? Path 26 compared favorably

? COI Deviation is due to the fair amount of gas added in
the Northwest, attempting to move south

Scenario Results Summary (continued)
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West of Hatwai (New)
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Montana to PNW Cut Plane
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Idaho to PNW Cut Plane
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Path 26
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COI
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SCIT
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East of River
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TOT2 (A+B+C)
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NW - Canada
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Alberta - British Columbia
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LOADLOAD
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New Mexico - Load
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Arizona - Load
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Nevada - Load
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WAPA LC - Load
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Mexico-C  Load
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Imperial - Load
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San Diego - Load
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SOCALIF - Load
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LADWP - Load
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PG & E - Load
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North West - Load



071803SSG-WITransmissionStudyBaseCase.LB
91

BCHydr - Load
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Aquila - Load
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Alberta - Load
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Idaho - Load
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Montana - Load
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WAPA UM - Load
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Sierra - Load
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PACE - Load
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PSColorado - Load
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WAPA RM



071803SSG-WITransmissionStudyBaseCase.LB
101

GenerationGeneration



071803SSG-WITransmissionStudyBaseCase.LB
102

New Mexico - Generation
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Arizona - Generation
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Nevada - Generation
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WAPA LC - Generation
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Mexico-C  Generation
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Aquila - Generation
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Alberta - Generation
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Idaho - Generation
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Montana - Generation
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WAPA UM - Generation
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Sierra - Generation
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PACE - Generation
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PSColorado - Generation
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WAPA RM - Generation


